Periodontitis is an inflammatory disease affecting the connective tissue surrounding the teeth leading to tooth loss. Pathogens associated with periodontitis interact with Toll-like receptors (TLRs) to induce cytokines causing and aggravating disease. We screened 197 individuals suffering from generalized periodontitis for the presence of Asp299Gly and Thr399Ile of TLR-4 as well as Arg753Gln of TLR-2 in comparison to matched controls. Single-nucleotide polymorphisms (SNPs) of TLR-4 were elevated among patients (odd's ratio 3.650, 95% CI 1.573-8.467, Pp0.0001), while no difference was observed for TLR-2. TLR-4 SNPs were correlated with chronic periodontitis (odd's ratio 5.562, 95% CI 2.199-14.04, Pp0.0001), but not with aggressive periodontitis. This observation was confirmed employing a group of periodontally healthy probands over 60 years of age. These data demonstrate that genetic variants of TLR-4 may act as risk factors for the development of generalized chronic periodontitis in humans.
Periodontitis is an inflammatory disease affecting gingiva, periodontal ligament, cementum and alveolar bone. 1 The major symptoms are formation of periodontal pockets, bleeding and destruction of connective tissue attachment, also referred to as attachment loss, eventually leading to tooth loss. 1 Periodontitis over-exceeds dental caries as leading cause of tooth loss worldwide, 2 thus being a major burden for health care systems. It is a common disease with an estimated prevalence of approx 50% among adults, with 10-30% displaying severe forms of disease characterized by an involvement of X30% of the teeth referred to as generalized periodontitis. 3, 4 Chronic periodontitis (CP), progressing slowly and being predominantly found among the elderly, is distinguished from aggressive periodontitis (AP), where rapid progression of attachment loss is mainly found in young adults. 5 However, aggressive courses of disease may also occur in elder patients. 5 Attachment loss in periodontitis is considered to be a result of both bacterial infection of subgingival tissue as well as host factors primarily directed against these pathogens. Gram-negative anaerobe rods, ie Porphyromonas gingivalis, have been frequently recovered from periodontal lesions. 6, 7 There is evidence that innate immune responses aggravate periodontal disease, since the proinflammatory cytokines IL-1 and TNF-a, reported to be elevated in patients, 8 act synergistically, ie in causing bone resorption. 9 The release of IL-1 and TNF-a by monocytes and macrophages is induced via a pathway involving the family of Toll-like receptors (TLRs). 10 TLR-4 recognizes lipopolysaccharide (LPS), a partial structure of Gram-negative bacteria, including periodontal pathogens. 10 Recent data suggest that P. gingivalis, in contrast to other Gram-negative bacteria, exhibits an untypical variant of LPS interacting with TLR-4, but also TLR-2, 11,12 a receptor generally recognizing cell wall compounds distinct from LPS, such as lipoproteins. 13 Thus, TLR-2 may be involved in innate immune responses against periodontal pathogens. Expression of both, TLR-2 and -4, has been shown to be increased in macrophages as well as in gingival fibroblasts within inflamed periodontal tissue.
14 Furthermore, TLR-4-deficient C3H/HeJ mice exhibit reduced bone resorption in a periodontitis model, 15 further indicating that TLRs may play a crucial role in periodontitis.
Several studies investigated the impact of singlenucleotide polymorphisms (SNPs) within genes encoding for proinflammatory cytokines on periodontal health, ie SNPs within the IL-1 gene cluster, which lead to higher levels of IL-1b, describing an association of the occurrence of an SNP with CP and AP, respectively. 16, 17 Within the TLR-4 gene two cosegregating SNPs, Asp299Gly and Thr399Ile have been described leading to decreased cytokine release by epithelial cells upon LPS-stimulation in vitro, and are associated with hyporesponsiveness to inhaled LPS, as well as with Gramnegative sepsis, septic shock and Legionnaire's disease (reviewed in Schrö der and Schumann 18 ). Within the gene encoding for human TLR-2, an SNP (Arg753Gln) was described diminishing inflammatory responses to TLR-2 ligands in vitro and occurring at a frequency of approximately 10% among Caucasians. 19, 20 To find out whether the genetic variations of TLR-4 and -2 influence periodontal disease susceptibility, we investigated 197 patients suffering from periodontitis, both AP and CP, for the presence of the SNPs Asp299Gly and Thr399Ile of TLR-4 as well as Arg753Gln of TLR-2. Inclusion criteria for patients were clinical attachment loss (CAL) of X3 mm affecting X30% of the teeth consistent with moderate to severe generalized periodontitis. Patients were stratified for clinical presentation of AP and CP according to the classification system introduced by the American Academy of Periodontology in 1999. 5 Patients were also included in the AP group when there was clinical evidence for rapid disease progression. Mean CAL of all patients was 4.39 mm (71.23 mm), with 4.07 mm (71.06 mm) for CP and 5.45 mm (71.19 mm) for AP patients. The patients' characteristics are shown in Table 1 . We found the combined Asp299Gly/Thr399Ile genotype of TLR-4 in 38 of the 197 patients examined (19.29% of all individuals, allele frequency 9.64%, Table 2 ). This frequency was significantly higher as compared to matched controls, where 14 individuals displayed this genotype (OR 3.124 95% CI 1.633-5.976, P-value 0.0005, Table 2 ). No individuals exhibiting SNPs in a homozygous state were identified. A Hardy-Weinberg test in combination with a w 2 test was performed, showing that these frequencies were in line with the Hardy-Weinberg equilibrium (P-values 0.3255 and 0.8749 for patients and controls, respectively). Some patients displayed rare genotypes with Asp299Gly or Thr399Ile occurring separately:
Asp299Gly was found in two, Thr399Ile in three patients, but none of the controls exhibited one of these SNPs. Thus, 43 patients suffering from generalized periodontitis displayed TLR-4 variants as compared to 14 found in the controls (OR 3.650 95% CI 1.573-8.467, P-value p0.0001).
Since CP and AP are regarded as different disease entities, we stratified the patients for clinical course of disease. Patients suffering from CP (n ¼ 116) displayed a higher frequency of the cosegregating SNPs as compared to controls (OR 4.291 95% CI 1.669-11.03, P-value 0.002), while no significant difference was found for AP (n ¼ 81, Table 2 ). Rare genotypes of TLR-4 were found exclusively within patients suffering from CP, strengthening the association of TLR-4 variants with this clinical picture (OR 5.562 95% CI 2.199-14.04, P-value 0.0001). In contrast to the observations made for TLR-4, we did not observe any significant association of the TLR-2 SNP with periodontitis (OR 0.588 95% CI 0.270-1.280, P-value 0.2467, Table 2 ), and this was not affected by stratification of the patients for CP and AP.
Severe CP is a frequent disease occurring at 10-30% among different populations. 3 Although the control probands did not have a history of periodontitis at the time of inclusion in the study, it cannot be excluded that they will develop this disease later. Thus, we aimed at strengthening our results by comparing the frequencies of TLR-SNPs among CP-patients with controls being X60 years old having X20 teeth with p1 mm CAL. Among our control population, we identified 111 individuals displaying these characteristics, and 75 could be matched with CP-patients regarding gender and smoking-status, with all individuals being nonsmokers. Here, we observed a higher frequency of TLR-4 SNPs among the CP-patients as compared to these controls confirming our previous results (OR 4.814, 95% CI 1.526-15.19, P-value 0.007, Table 3 ), while there was no significant association with TLR-2 (data not shown). This association was highly significant when all TLR-4 variants were taken into account (OR 6.022, 95% CI 1.938-18.72, P-value 0.0011). Aggressive periodontitis Informed consent was obtained from all individuals included in this study, and the study was performed in concordance with the clinical research guidelines of the Charité Medical Center, Berlin, Germany. All patients included were diagnosed by dentists trained at the Department for Periodontology and Synoptic Dentistry, Charité University Medical Center, Berlin (DM, VW, CC, DK, VH and PP). In total, 349 healthy individuals with no history of periodontitis were examined as controls. Probands being X60 years old were furthermore examined in detail for their periodontal status, those individuals presenting X20 periodontally healthy teeth (CAL p1 mm) were denoted. Patients and controls with malignant disease and/or diabetes mellitus were excluded from the study. Smokers were defined as individuals with a history of smoking equivalent to 10 years of smoking X20 cigarettes per day. All patients were German Caucasians except of 21 patients displaying AP included by VH being Croatian Caucasians. All controls were German Caucasians from the area of Berlin except of 27 individuals from the area of Constance contributed by CH. Control samples were shuffled randomly and matched for gender and smoking status. Age matching was performed by assigning controls to patients with a corresponding range of age (CP: 40-81 years, AP: 22-54 years).
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We provide evidence that common variants of TLR-4 act as risk factors for generalized CP. Regarding AP, our data do not show a significant association, although there was an approx two-fold higher frequency of TLR-4 SNPs among AP patients as compared to controls. Our results are in line with studies describing that these SNPs are associated with infections caused by Gram-negative bacteria, septic shock and Legionnaire's disease. [21] [22] [23] Furthermore, the fact that rare variants of TLR-4 were exclusively found in CP patients is in line with the described association of rare variants of TLR-4 with meningitis. 24 Our data are in contrast to a recently published study investigating Asp299Gly and Thr399Ile and periodontal disease describing the lack of significant differences between patients and controls. 25 However, in this study only 52 and 35 patients, respectively, matched our criteria for moderate or severe generalized periodontitis, in contrast to 187 patients studied here, and statistical analysis failed to imply gender, smoking status, as well as age. Furthermore, in this study no stratification for AP and CP was performed and-as patients as young as 25 years were recruited-the distinct clinical entities CP and AP were analyzed in a combined fashion. Since we did not observe any association with TLR-4 SNPs and AP in our study, these patients may have blurred the results.
LPS of two bacteria associated with periodontitis, Prevotella intermedia and Actinobacillus actinomycetemcomitans, have been identified as TLR-4-ligands, 26, 27 and there is evidence that LPS derived from P. gingivalis at least partially interacts with TLR-4. 12 Cytokines released by macrophages responding to LPS via TLR-4 may display harmful effects on the periodontal tissue 8, 9 aggravating disease. On the other hand, macrophages play an important role in combating bacteria invading the subgingival space, 28 thus preventing the establishing of an infection. Our data indicate that the presence of the Asp299Gly/Thr399Ile variant sited within the extracellular domain of TLR-4 predominantly involved in ligand interaction, potentially influences susceptibility to periodontitis by causing an impaired recognition of pathogens leading to an aggravated infection. (reverse) and for Thr399Ile: 5 0 -GGTTGCT-GTTCTCAAAGTGATTT TGGGAGAA-3 0 (forward) and 5 0 -CCTGAAGACTGGAGAGTG-AG TTAAATGCT-3 0 (reverse) according to the previously published protocol. 29 A measure of 4 ml of PCR products were digested with NcoI (Asp299Gly) and HinfI (Thr399Ile, 0.1 U/sample each) at 371C overnight, followed by electrophoresis on 1% Agarose gels (Roth, Braunschweig, Germany) and 0.75% Nusieve (Biozym, Hessisch Oldendorf, Germany). The Arg753Gln SNP was investigated employing allele-specific PCR according to a previously published protocol. 20 A 340 bp fragment was amplified via PCR and 4 ml of PCR products were digested with AciI (0.125 U/sample) at 371C overnight, followed by electrophoresis on gels as described above. Statistical analysis was performed employing GraphPad Prism 4.0 software for Windows. We employed a two-tailed Fisher's exact test as well as Odds ratio with 95% confidence interval (CI). Since we did not detect homozygous individuals among patients and controls, statistics were performed considering frequencies of heterozygous individuals. Significant P-values are shown in boldface. Control probands being X60 years of age with X20 teeth with a clinical attachment loss p1 mm were compared to matched patients regarding the presence of TLR-4 SNPs. All individuals included here were nonsmokers. Significant P-values are shown in boldface.
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